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Abstract

Objective: Hematoma enlargement (HE) is associated with clinical outcomes

after supratentorial intracerebral hemorrhage (ICH). This study evaluates

whether HE characteristics and association with functional outcome differ in

deep versus lobar ICH. Methods: Pooled analysis of individual patient data

between January 2006 and December 2015 from a German-wide cohort study

(RETRACE, I + II) investigating ICH related to oral anticoagulants (OAC) at

22 participating centers, and from one single-center registry (UKER-ICH)

investigating non-OAC-ICH patients. Altogether, 1954 supratentorial ICH

patients were eligible for outcome analyses, which were separately conducted or

controlled for OAC, that is, vitamin-K-antagonists (VKA, n = 1186) and non-

vitamin-K-antagonist-oral-anticoagulants (NOAC, n = 107). Confounding was

addressed using propensity score matching, cox regression modeling and multi-

variate modeling. Main outcomes were occurrence, extent, and timing of HE

(>33%/>6 mL) and its association with 3-month functional outcome. Results:

Occurrence of HE was not different after deep versus lobar ICH in patients

with non-OAC-ICH (39/356 [11.0%] vs. 36/305 [11.8%], P = 0.73), VKA-ICH

(249/681 [36.6%] vs. 183/505 [36.2%], P = 0.91), and NOAC-ICH (21/69

[30.4%] vs. 12/38 [31.6%], P = 0.90). HE extent did not differ after non-OAC-

ICH (deep:+59% [40–122] vs. lobar:+74% [37–124], P = 0.65), but both

patients with VKA-ICH and NOAC-ICH showed greater HE extent after deep

ICH [VKA-ICH, deep: +94% [54–199] vs. lobar: +56% [35–116], P < 0.001;

NOAC-ICH, deep: +74% [56–123] vs. lobar: +40% [21–49], P = 0.001). Deep

compared to lobar ICH patients had higher HE hazard during first 13.5 h after

onset (Hazard ratio [HR]: 1.85 [1.03–3.31], P = 0.04), followed by lower hazard

(13.5–26.5 h, HR: 0.46 [0.23–0.89], P = 0.02), and equal hazard thereafter (HR:

0.96 [0.56–1.65], P = 0.89). Odds ratio for unfavorable outcome was higher

after HE in deep (4.31 [2.71–6.86], P < 0.001) versus lobar ICH (2.82 [1.71–
4.66], P < 0.001), and only significant after small-medium (1st volume-quarter,

deep: 3.09 [1.52–6.29], P < 0.01; lobar: 3.86 [1.35–11.04], P = 0.01) as opposed

to large-sized ICH (4th volume-quarter, deep: 1.09 [0.13–9.20], P = 0.94; lobar:

2.24 [0.72–7.04], P = 0.17). Interpretation: HE occurrence does not differ

among deep and lobar ICH. However, compared to lobar ICH, HE after deep

ICH is of greater extent in OAC-ICH, occurs earlier and may be of greater clin-

ical relevance. Overall, clinical significance is more apparent after small–
medium compared to large-sized bleedings.
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Introduction

Hematoma enlargement (HE) represents a major predic-

tor of clinical outcome after supratentorial intracerebral

hemorrhage (ICH) and is associated with antithrombotic

treatment, blood pressure levels, and cranial imaging time

window-related baseline hematoma volumes.1–6 While

randomized trials targeting hemostasis and blood pressure

management have demonstrated reduced occurrence and

extent of HE, these interventions did not translate to

improved clinical outcomes for the overall ICH

patients.7–11

However, the occurrence, extent, and timing of HE

may vary according to ICH location, that is, deep versus

lobar ICH, given a different underlying etiology and

pathophysiology, and thus influence outcome differ-

ently.12–14 In this pooled individual participant data anal-

ysis, conducted separately for patients with and without

oral anticoagulation associated (OAC-) ICH, we tested

the hypotheses that (1) HE occurs more frequently, ear-

lier, and at a larger extent in deep versus lobar ICH and

(2) HE is of greater clinical significance in deep versus

lobar ICH location. Hypotheses are pathophysiologically

based on the assumption that deep ICH represent hyper-

tension-induced ruptures of penetrating arteries in imme-

diate proximity of passing pyramidal tracts crucial for

patient’s motor function, whereas lobar ICH are fre-

quently caused by cerebral amyloid angiopathy (CAA),

potentially leading to rupture under lower pressure result-

ing in less hematoma enlargement and more likely corti-

cal deficits underrepresented in common outcome

assessments.15,16

Methods

Study design

This observational cohort study pooled individual patient

data from both parts of the retrospective German-wide

RETRACE-program (“geRman-widE mulTicenter Analysis

of oRal Anticoagulation associated intraCerebral hEmor-

rhage”) which recruited patients with OAC-ICH at 22 ter-

tiary care centers across Germany from January 01, 2006

until December 31, 2010(part-1,NCT01829581)3 and from

01 January 2011 until 31 December 2015 (part-2,

NCT03093233),17 as well as from the prospective single-

center UKER-ICH registry recruiting spontaneous ICH

patients admitted to the University Hospital Erlangen (01

January 2006 until 31 December 2015 [NCT03183167]),

as previously described.18–20 Conduction of the study was

approved by local ethics committees and institutional

review boards based on the central vote from Friedrich-

Alexander-University Erlangen-Nuremberg, Germany

(Re.No-4409&30_16B,115_17B).18 Unless waived by local

ethics committees individual consent was obtained by all

patients or legal representatives.18

Data acquisition

Demographic, clinical, and laboratory parameters

Data on demographics, prior medical history and medica-

tion, clinical admission status, in-hospital parameters and

measurements, and laboratory data, were obtained as previ-

ously described.3 We differentiated primary spontaneous

ICH in the absence of therapeutic anticoagulation (non-

OAC-ICH) from ICH related to oral anticoagulants. OAC-

ICH was defined as either ICH on effective treatment with

vitamin-K-antagonists (VKA) (INR > 1.5 on hospital

admission) or ICH on known treatment with non-vitamin-

K-antagonist oral anticoagulant (NOAC) at symptom

onset.3,17,21,22 We defined early care limitations as care limi-

tation employed during first 24 h after hospital admission.23

Imaging

Imaging data were analyzed by neuroradiologist blinded

to clinical data.20 Diagnosis of spontaneous ICH and

related imaging parameters, that is, hematoma volume

and location, intraventricular hemorrhage (IVH), and

time from symptom onset until imaging, were assessed

on first cranial imaging after symptom onset as well as on

follow-up imaging. Secondary ICH caused by etiologies

such as aneurysms, arteriovenous malformations, tumor,

trauma, or coagulopathies other than anticoagulation

were excluded.3 Hematoma volume was calculated by val-

idated ABC methods.24–26 We defined ICH involving the

thalamus, basal ganglia, internal capsule, or deep periven-

tricular white matter as deep ICH, while ICH originating

at the cortex and cortical-subcortical junction was defined

as lobar ICH.14 In case of large ICH affecting both

regions, location was scored according to the location that

hemorrhage most likely originated from [23,27].

Outcomes

Primary outcome

The primary outcome was the occurrence of HE defined

according to the most commonly used approach as an

increase in ICH volume of more than 33% or 6 mL from

initial to follow-up imaging.5,9

Secondary outcomes

Secondary outcomes included the extent of hematoma

volume change in case of HE, the time from symptom
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onset until radiological HE detection, and mortality and

functional outcome after 3 months in relation to HE

occurrence. We assessed the functional outcome using the

modified Rankin Scale (mRS, range 0–6, higher scores

indicate worse outcome; 6 indicates death), dichotomized

as favorable (0–3) and unfavorable (4–6) outcome.3

Statistics

Statistical analyses were performed using the SPSS 21.0

software package (www.spss.com) or R2.12.0 (www.r-pro

ject.org).28 We conducted two-sided statistical tests, set-

ting the significance level at a = 0.05.28 Data

distribution was evaluated using the Kolmogorov–Smir-

nov test.29 We present normally distributed data as

mean (�standard deviation), analyzed using the Stu-

dent’s t-test, and non-normally distributed data as med-

ian (interquartile range), compared using the Mann–
Whitney U test.28 We performed the Pearson’s chi-

squared or Fisher´s exact tests to analyze frequency dis-

tribution of categorized variables.29 To minimize accu-

mulation of type-1 errors, univariate analyses were

corrected for multiple comparisons using the Holm’s

sequential Bonferroni procedure.19

For comparison of HE occurrence in deep versus lobar

ICH location (primary outcome), we separately analyzed

patients with non-OAC-ICH, VKA-ICH, and NOAC-ICH

to minimize confounding by established larger ICH vol-

umes, higher HE rates, and need for reversal treatment in

patients with prior anticoagulation intake.17,30 To further

address potential confounding by varying baseline charac-

teristics and time points of imaging, we additionally per-

formed a parallel, balanced, nearest-neighbor (1:1, caliper

0.1) propensity score matching (PSM). Due to limited

numbers of patients taking NOAC, we combined cohorts

of NOAC-ICH and VKA-ICH for PSM-analyses. PSM

was performed to adjust for imbalances showing a statisti-

cal trend (P < 0.1) in known HE predictors, that is, ICH

volume, antiplatelet therapy, initial systolic blood pres-

sure, time from symptom onset until 1st and until 2nd

imaging, and reversal treatment with prothrombin com-

plex concentrate (PCC) in OAC-ICH-patients, as well as

in parameter with major clinical relevance, that is, age

and Glasgow Coma Scale (GCS) in non-OAC-ICH

patients. Association of patients excluded from PSM with

hematoma enlargement according to ICH location was

tested for interaction. Presence of IVH was not included

into PSM due to its inherent association with deep

ICH12,14 caused by immediate proximity of the ventricu-

lar system, resulting in location-specific interaction of

hematoma size with IVH. We therefore corrected analyses

by additional adjustment in multivariable modeling, as

well as cox regression modeling as described below.

The extent of HE (secondary outcome) was compared

in deep versus lobar ICH patients experiencing HE as

defined above, conducting separate analyses on patients

with non-OAC-ICH, VKA-ICH, and NOAC-ICH as well

as in cohorts after PSM, that is, matched patients with

non-OAC-ICH and OAC-ICH.

Timing from symptom onset until radiological HE

detection (secondary outcome) in deep compared to lobar

ICH was analyzed using PSM cohorts, combining Non-

OAC-ICH and OAC-ICH patients. We graphically com-

pared time points of HE detection since symptom onset

by Kaplan–Meier estimator. Using multivariable COX

regression modeling with additional adjusting for IVH

and OAC, we calculated adjusted hazard ratio (HR) esti-

mates for each hour after symptom onset derived from

patient clusters (HR estimate at the median of a 5-h

interval, i.e., HR estimate at hour 10 calculated using the

interval from hours 8 to 12).19 To correct for overestima-

tion, HR estimates were weighted and smoothed by the

method of moving averages.19 The intercept of the med-

ian with the HR of 1 allowed identification of a time

interval at which patients were at increased risk to experi-

ence HE in relation to ICH location.19 Crude HE rates

over time were compared using the chi-squared test.

The association of HE with mortality and functional

outcome (secondary outcome) was assessed by compar-

ison of mortality and dichotomized mRS in patients with

and without HE in both deep and lobar ICH cohorts

using complete case analysis including 1703 patients

(87.2%). To adjust for baseline confounding, we per-

formed multivariable regression analyses using combined

cohorts of both non-OAC-ICH and OAC-ICH patients

and adjusted analyses for imbalanced outcome predictors,

that is, age, OAC, GCS, initial ICH volume, and IVH. To

investigate the association of HE with mortality and func-

tional outcome in relation to the initial ICH volume, we

computed regression analyses corrected as mentioned

above after splitting cohorts according to initial ICH vol-

ume quartiles. Adjusted odds ratios (OR) were graphically

compared using forest plots.

Results

Study population and baseline
characteristics

For the present study, a total of 3,580 pooled spontaneous

ICH patients were available of whom patients with

infratentorial ICH (n = 573), early care limitations

(n = 455), surgical hematoma evacuation (n = 286), and

those with limited data on imaging parameters or no fol-

low-up imaging (n = 312) were excluded (Fig. 1). Of

1,954 eligible supratentorial ICH patients (661 with non-
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OAC-ICH, 1,186 with VKA-ICH, and 107 with NOAC-

ICH), 1,106 had deep ICH and 848 patients lobar ICH,

for baseline characteristics (see Table S1).

Among patients with non-OAC-ICH (Table 1A), those

with deep ICH compared to lobar ICH were younger (68 y

[58–77] vs. 74 y [68–81], P < 0.001), had smaller ICH vol-

umes (8.8 mL [3.4–20.2] vs. 17.9 mL [6.3–34.9],
P < 0.001), more frequent IVH (219/356 [61.5%] vs. 83/

305 [27.2%], P < 0.001), lower GCS levels (13 [8–15] vs.

14 [12–15], P < 0.001) were more often on antiplatelet

treatment (12/356 [31.6%] vs. 33/305 [10.8%], P < 0.001),

and received initial and control imaging earlier after onset

(243 min [106–512] vs. 445 min [208–1318], P < 0.001;

28 h [21–43] vs. 35 h [22–61], P < 0.001).

Among patients with VKA-ICH (Table 1B), those with

deep ICH compared to lobar ICH had smaller ICH vol-

umes (9.7 mL [4.0–18.3] vs. 20.9 mL [7.3–40.3],

P < 0.001), more frequent IVH (287/681 [42.1%] vs. 147/

505 [29.1%], P < 0.001), received initial and control

imaging earlier after onset (115 min [78–257] vs.

210 min [99–441], P < 0.001; 20 h [9–31] versus 25 h

[13–44], P < 0.001), had higher systolic blood pressure

levels (169 mmHg [150–190] vs. 160 mm Hg [143–180],
P < 0.001), and lower INR levels after reversal (1.27

[1.15–1.43] vs. 1.32 [1.18–1.57], P < 0.001).

Among patients with NOAC-ICH (Table 1C), those

with deep ICH compared to lobar ICH differed signifi-

cantly by smaller ICH volumes (9.2 mL [3.6–16.3] vs.

22.2 mL [8.4–40.1], P < 0.01).

Primary outcome

The occurrence of HE did not differ between deep and

lobar location in patients with non-OAC-ICH (39/356

Figure 1. Study flowchart. Altogether, individual level data from 3,580 spontaneous ICH patients were analyzed to identify 1,954 supratentorial

ICH patients eligible for outcome analyses. Data were provided by two parts of a German-wide observational studies (RETRACE I and II)

conducted at 22 participating tertiary centers, and by one single-center university hospital registry.
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[11.0%] vs. 36/305 [11.8%], P = 0.73), VKA-ICH (249/

681 [36.6%] vs. 183/505 [36.2%], P = 0.91) and NOAC-

ICH (21/69 [30.4%] vs. 12/38 [31.6%], P = 0.90), Fig-

ure 2A. To verify that results were not confounded by

baseline imbalances, we repeated analyses after PSM, for

exploratory investigation of parameters associated with

hematoma enlargement and evenly balanced cohorts post-

matching see Tables S1 and S3. Standardized mean differ-

ences and propensity scores before and after matching

procedure are shown in Figure S1. Sensitivity analyses of

patients excluded from PSM documented no significant

interaction between ICH location and HE (Tables S4 and

S5). PSM-based analyses confirmed no varying HE rates

among patients with deep or lobar non-OAC-ICH (17/

135 [12.6%] vs. 16/135 [11.9%], P = 0.86) and OAC-ICH

(55/157 [35.0% vs. 62/157 [39.5%], P = 0.41). Further

adjustment for IVH using multivariate modeling led to

no differently increased odds for HE according to ICH

location (OR [95% confidence interval], non-OAC-ICH:

0.87 [0.39–1.92], P = 0.87; OAC-ICH: 0.90 [0.56–1.45],
P = 0.67).

Secondary outcomes

Extent of HE in deep versus lobar ICH

To compare the extent of HE in deep versus lobar posi-

tion, we investigated all patients who actually suffered HE

(Fig. 2B). We observed no significant difference among

the extent of HE according to ICH location in patients

with non-OAC-ICH (deep: +59% [40–122] vs. lobar:

+74% [37–124], P = 0.65). Both patients with VKA-ICH

and NOAC-ICH showed greater extent of HE after deep

compared to lobar ICH (VKA-ICH, deep: +94% [54–199]
vs. lobar: +56% [35–116], P < 0.001; and NOAC-ICH,

deep: +74% [56–123] vs. lobar: +40% [21–49],
P = 0.001). Results were confirmed in analyses on PSM

cohorts (Non-OAC-ICH, deep: +51% [42–209] vs. lobar:

+104% [48–250], P = 0.33 and OAC-ICH, deep: +99%
[60–230] vs. lobar: +60% [40–146], P = 0.04).

Time-dependent occurrence of HE in deep versus
lobar ICH

We analyzed the timing of radiological HE detection in

deep versus lobar ICH patients using combined PSM

cohorts to ensure similar propensities for HE occurrence

while harmonizing strongly varying time from symptom

onset until initial and control imaging to compare HE

occurrence over time. Analyzing the first 72 h using multi-

variable Cox regression modeling with additional adjust-

ment for IVH and OAC, the hazard for HE detection did

not differ in deep compared to lobar ICH (HR: 0.95 [0.68–

1.33], P = 0.76). Focusing on the hyperacute phase of ICH

management only, we detected a significantly increased

hazard for HE in deep compared to lobar ICH during the

first 13.5 h (HR: 1.85 [1.03–3.31], P = 0.04), followed by a

time period with significantly decreased hazard compared

to lobar ICH (13.5–26.5 h, HR: 0.46 [0.23–0.89],
P = 0.02), and equal hazards thereafter (>26.5 h, HR: 0.96

[0.56–1.65], P = 0.89), see Figure 3A for corresponding

Kaplan–Meier estimator and Figure 3B for Cox regression

modeling. Results were comparable calculating crude HE

rates over time (0–13.5 h, deep: 30/58 [51.7%] vs. lobar:

22/65 [33.8%], P < 0.05; 13.5–26.5 h, deep: 16/96 [16.7%]

vs. lobar: 24/89 [27.0%], P = 0.09). To analyze location-

specific confounding of imaging time points by potential

emergency imaging related to HE, we performed multivari-

able modeling showing that time from initial to control

imaging was not differently associated with hematoma

enlargement among deep and lobar ICH patients

(Table S6). Rates of early control imaging, that is, within

12 h after initial imaging, did also not differ (deep: 71/292

[24.3%] vs. lobar: 78/292 [26.7%], P = 0.51).

Clinical relevance of HE in deep versus lobar ICH

In both patients with deep and lobar non-OAC-ICH as

well as OAC-ICH, occurrence of HE showed significant

association with mortality and unfavorable outcome after

3 months, see Figure 4 for mRS distribution. Performing

multivariable regression analyses in combined cohorts of

non-OAC-ICH and OAC-ICH-patients, both adjusted OR

for mortality and unfavorable functional outcome in case

of HE were higher in patients with deep (OR, 4.62 [3.07–
6.95], P < 0.001 and 4.31 [2.71–6.86], P < 0.001) com-

pared to lobar ICH (OR, 2.41 [1.45–4.00], P < 0.001 and

2.82 [1.71–4.66], P < 0.001), Figure 5A.

To correlate the clinical relevance of HE with initial

ICH size, we grouped patients according to quartiles of

initial ICH volume, Figure 5B. We observed increased

odds for unfavorable outcome after HE in both small- to

medium-sized deep and lobar ICH volumes (1st quarter,

OR, deep: 3.09 [1.52–6.29], P < 0.01; lobar: 3.86 [1.35–
11.04], P = 0.01). HE after initial large ICH did only sig-

nificantly increased odds for mortality (4th quarter, OR,

deep: 7.76 [1.91–31.58], P < 0.01; lobar: 2.83 [1.16–6.88],
P = 0.02; Table S7) but not for unfavorable functional

outcome in both deep and lobar ICH patients (4th quar-

ter, OR, deep:1.09 [0.13–9.20], P = 0.94; lobar: 2.24

[0.72–7.04], P = 0.17), Figure 5B.

Discussion

Previous studies analyzing HE with respect to ICH loca-

tion were small-sized and with limited statistical power

368 ª 2020 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals, Inc on behalf of American Neurological Association.

Hematoma Enlargement in Deep Versus Lobar ICH J. A. Sembill et al.



and possibilities for adjusting imbalances given inher-

ently heterogeneous cohorts.12,16 To our knowledge, the

present study represents the largest individual patient

data analysis to date investigating HE characteristics in

relation to supratentorial ICH location. While we

observed no differences regarding the occurrence of HE

in deep versus lobar ICH, we detected a greater extent

of HE after deep VKA- and NOAC-ICH. Overall, HE in

deep compared to lobar ICH occurred earlier after

symptom onset. Although HE was associated with worse

clinical outcome specifically in those patients with small

to medium initial bleedings in both locations, hematoma

enlargement seems to be of greater clinical significance

in deep versus lobar ICH.

Supratentorial ICH includes deep location, usually

hypertension-induced basal ganglia bleedings, compared

to lobar sites, frequently caused by CAA.13 In addition to

diverse etiologies also the patient´s clinical presentation

may differ, affecting motor function more significantly in

deep ICH, whereas cortical deficits may dominate in lobar

ICH.15 Thus, deep bleedings result more frequently in

worse functional outcome if latter is assessed using a scale

with overrepresentation of motor functions, for example,

mRS.23,31 Yet, various randomized trials targeting HE did

not distinguish between deep and lobar ICH location,

and thus did not account for potential different dynamics

or functional relevance of HE, overall undermining pri-

mary clinical outcome analyses. Considering HE as an

continued-ongoing bleeding facilitated by increased blood

pressure levels, and altered coagulation, respectively,5,32

prior studies aimed to reduce its occurrence to eventually

prevent worsening odds for functional independence.7–11

Our findings considerably add to these studies and might

assist opening avenues for stricter enrolment criteria of

future hemostatic and blood pressure management tri-

als.7–11,33 Similar to the body of knowledge generated

from the negative findings of thrombectomy in rather

unselected ischemic stroke patients of 2013,34–36 these

Figure 2. Occurrence and extent of intracerebral hematoma enlargement. Occurrence (A) and extent (B) of hematoma enlargement in patients

with deep compared to lobar ICH. Hematoma enlargement was defined as an increase in ICH volume of more than 33% or 6 mL from initial to

follow-up imaging. The extent of hematoma enlargement, that is, percentage ICH volume increase, was compared in patients actually suffering

hematoma enlargement. Separate analyses were conducted for patients with non-OAC-ICH (n = 661), VKA-ICH (n = 1186), and NOAC-ICH

(n = 107). Abbreviations: ICH, Intracerebral hemorrhage; NOAC, non-vitamin-K-antagonist oral anticoagulant; n.s., not significant; OAC, Oral

anticoagulation; VKA, vitamin-K-antagonist.
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studies served as a basis for developing study designs that

proved significance thereafter.37

Our data suggest that although the overall occurrence

does not differ, HE in hypertension-based loco-typico

bleedings, compared to lobar ICH, occurs earlier and thus

may be targeted more effectively by rapid systolic blood

pressure reduction. This aspect is supported by post-hoc

analyses of the ATACH-II trial verifying reduced HE rates

after early blood pressure reduction for deep ICH patients

only.8,11 In contrast to non-OAC-ICH, we observed a

greater HE extent after OAC-related deep ICH, hinting

toward a multiplying interaction of altered hemostasis

and arterial hypertension, as already suggested earlier.3

According to our data, interventions targeting HE in

lobar ICH might also be promising at later time-points as

radiological HE detection rate showed an almost linear

Figure 3. Incidence rates and time-dependent hazard ratios for hematoma enlargement in patients with deep versus lobar ICH. (A) Incidence

rates of hematoma enlargement detected through control imaging during the hyperacute course of deep and lobar ICH management in

propensity-matched cohorts. (B) Time-dependent hazard ratios for hematoma enlargement in deep versus lobar ICH patients. Adjusted COX

proportional hazard models were calculated for propensity-matched cohorts with additional adjustment for intraventricular hemorrhage and prior

oral anticoagulation to visualize the association between time since symptom onset and detection of hematoma enlargement by control imaging

in patients dichotomized according to supratentorial ICH location. Hazard ratio estimates (y-axis) for deep ICH patients were calculated at each

hour since symptom onset using time-patient-clusters (HR estimate at the median of a 5-hour interval) of patients with control imaging at a

median of the presented hour (x-axis) and compared with lobar ICH patients with data points within these clusters. To correct for overestimation,

we weighted and smoothed hazard ratios by the method of moving averages. The dashed lines indicate time intervals with increased risk for

detection of hematoma enlargement identified by the intercept of the adjusted HR median with the HR of 1. Medians and 95% CI displayed as

square with whiskers represent hazard ratios for HE in deep compared to lobar ICH during mentioned identified time intervals, that is, 0–13.5

and 13.5–26.5 h. Patients at risk included in both analyses (A + B) are displayed using 3-hour intervals, showing comparable numbers of patients

receiving control imaging at each time point from individual onset of deep or lobar ICH. Abbreviations: CI, Confidence interval; HR, Hazard Ratio;

h, hours; ICH, Intracerebral hemorrhage.
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increase over first 24 h. However, the FAST and the

TICH-2 studies demonstrated reduced rates of HE

achieved by tested hemostatic interventions, yet without

translating to primary disability outcomes.9,10 The present

study results suggest that association of HE with func-

tional outcome is more pronounced in deep compared to

lobar ICH, likely due to increased damage of passing

pyramidal tracts resulting in poor motor function in deep

ICH.15 Although the likelihood of HE is known to be

higher in larger ICH volumes,5 we documented that the

initially high odds for an unfavorable outcome in larger

baseline ICH will be less influenced by additional HE as

Figure 4. Functional outcome of patients with supratentorial Non-OAC-ICH and OAC-ICH comparing patients with and without hematoma

enlargement. Distribution of functional outcome and mortality at 3 months using the modified Rankin Scale (mRS, range 0–6, from 0 = no

symptoms, to 5 = severe disability, and 6 = dead). Dichotomized comparison of patients with and without hematoma enlargement. The thick

lines separate proportion of patients with favorable (mRS 0–3) and unfavorable (mRS 4–6) outcome as well as patients with and without 3-month

mortality. Abbreviations: ICH, Intracerebral hemorrhage; mRS, modified Rankin Scale; OAC, Oral anticoagulation.

Figure 5. Association of hematoma enlargement with 3-month functional outcome according to ICH location and initial hematoma volume.

Forest plots showing association of hematoma enlargement with functional outcome in (A) deep and lobar ICH patients and (B) deep and lobar

ICH patients in relation to initial hematoma volume split according to quartiles. Multivariable modeling in both analyses (A + B) included

adjustment for relevant outcome predictors, that is, age, Glasgow Coma Scale, oral anticoagulation, initial ICH volume, and intraventricular

hemorrhage. Abbreviations: CI, Confidence interval; ICH, Intracerebral hemorrhage.
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compared to patients with smaller ICH volumes. There-

fore, patients having “much to lose” because of small to

medium initial ICH should be randomized to treatment

interventions.33 Although prevention of HE represents a

logical pursuit in overall ICH treatment, it might only

produce a statistically significant clinical benefit in strictly

selected patients.33,38

The strengths of the present investigation include its

large sample size allowing adequate statistical adjustment

for established HE predictors, specifically ICH volume

and time from symptom onset until initial and control

imaging. Using multicenter real-world data collected at a

wide variety of clinical settings, including tertiary care

University as well as smaller community hospitals

strengthens generalizability of findings. However, several

limitations of this study are obvious. First, the retrospec-

tive design reduced data quality.3 Second, ICH volume

measurement was not done volumetrically harboring

residual imprecision of HE scoring.26 Third, we focused

on intraparenchymal HE and did not assess IVH progres-

sions. Fourth, a routine clinical management was exe-

cuted at each individual center, rather than protocoled

prospective imaging examinations at certain time-points

to verify or exclude HE, thus limiting accuracy of

reported time frames for HE occurrence. Fifth, contrary

to the multicenter enrollment of patients with OAC-ICH,

data on patients with non-OAC-ICH were collected at

one single university hospital, which decreases generaliz-

ability. Sixth, we utilized PSM to account for imbalances

in observed confounders; however, residual confounding

after matching procedure cannot be excluded.

Conclusions

This study establishes that the occurrence of HE does not

differ among deep and lobar ICH, irrespective of associ-

ated OAC. However, compared to lobar ICH, HE after

deep ICH is of greater extent in presence of OAC, may

occur earlier from symptom onset and seems to be of

greater clinical relevance. Overall, the clinical significance

is more apparent in small to medium compared to large-

sized bleedings. These data may be valuable for both rou-

tine clinical management as well as for designing future

studies on hemostatic and blood pressure management

aming at minimizing HE. However, further studies with

improved design are needed to replicate these findings

and to investigate the pathophysiological mechanisms

accounting for these observations.
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